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Abstract. —Mouthparts of females of 16 species and males of 13 species representing 
Bezzia, Phaenobezzia, and Palpomyia of the insectivorous tribe Palpomyiini were ex- 
amined by light and scanning electron microscopy. Greatest differences among species 
occurred in the sclerotized mandibles of females where the mean number of coarse medial 
teeth ranged from 6.00 to 10.31, small basal teeth from 0.37 to 3.47, length of the tooth 
row in relation to length of the mandible from 14.9 to 29.8% and mean number of lateral 
teeth from 1.50 to 6.61. An interlocking mechanism midlength of the blade functions as 
a fulcrum; abduction of the base of the mandibles results in divergence of their tips and 
enables their strong teeth to cut the cuticle of the prey. The non-insectivorous males have 
mandibles with large medial non-functional teeth and lack an interlocking mechanism. 
Lateral teeth are present on the mandibles of some males of eight species. 

'The unarmored labrum, hypopharynx and lacinia are inserted into the wound made by 
ihe mandibles. The mandibles remain between the labrum and hypopharynx during feed- 
ing and serve as the floor of the food canal and roof of the salivary canal. The laciniae, 
which are smooth in both sexes, form the lateral proximal boundaries of the food canal. 
Cylindrical structures at the tip of the labrum of females are thought to be mechanore- 
ceptors, chemoreceptors or both; they are reduced in size or absent in males and, in most 
species, are replaced by spicules. Labra of males and females have species specific char- 
acters, but differences are less pronounced in males. The hypopharynx of females is 
generically specific in its shape and species specific in distribution of its spicules. The 
hypopharynx of males is species specific in size and shape of its spicules which are longer 
than in those of conspecific females. 

Sensilla on the maxillary palp sensory organ are species specific in both sexes with 
respect to number, points of origin on the palp of individual sensilla, shape of the head of 
the sensilla and total length. The number of sensilla per sensory organ is approximately 
equal in both sexes of a given species and they probably do not function in prey detection 
and/or location, which is thought to be more related to visual stimuli in predaceous midges. 
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The Palpomyiini Enderlein, one of the — Clastrieromyia Spinelli and Grogan, Pach- 
insectivorous tribes of Ceratopogonidae yhelea (Wirth), Palpomyia Meigen, and 
Newman is comprised of the genera Ame-  Phaenobezzia Haeselbarth (Spinelli and 
rohelea Grogan and Wirth, Bezzia Kieffer, Grogan 1985). Females of this tribe, as well 
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»e of Heteromyiini Wirth, and Sphae- 
iini Newman, and most Ceratopogonini 
man feed on Chironomidae, Chaobor- 

idae and Ephemeroptera (mayflies), usually 
males, that are captured from mating 
swarms. In addition, in Palpomyiini, Het- 
eromyiini and Sphaeromiini, when the fe- 
male enters mating swarms of her own spe- 
cies, she captures a male that she feeds 
upon while he is in copula with her 
(Downes 1977). Females of the tribe Sten- 
oxenini Coquillett also have well developed 
mandibles with large teeth, thus indicating 
that they too are insectivorous; however, 
observations on their swarming, mating or 
feeding habits are lacking (Wirth and Ra- 
tanaworabhan 1972). 

Mouthparts of both males and females of 
an insectivorous species of Ceratopogoni- 
dae, Probezzia (as Dicrobezzia) venusta 
(Meigen), a member of the Sphaeromiini 
were described in detail by Gad (1951). All 
structures were present in both sexes, with 
male structures being smaller and less de- 
veloped. Gad also presented data and draw- 
ings of some structures of other insectivo- 
rous genera, including Bezzia and Palpo- 
myia, and compared mouthparts of insectiv- 
orous forms with hematophagous and 
flower-feeding representatives of the fami- 
ly. Downes illustrated and briefly described 
mouthparts of Probezzia flavonigra Coquil- 
lett (1971) and Palpomyia quadrispinosa 
Goetgebuer (1978). Mouthparts of insectiv- 
orous Ceratopogoninae are characterized by 
large mandibular teeth and reduced, tooth- 
less laciniae, an exception being members 
of the insectivorous anophelis group of 
Culicoides Latreille subgenus Trithecoides 
Wirth and Hubert that have large mandib- 
ular teeth and toothed laciniae (Wirth and 
Hubert 1989). Hematophagous forms, e.g. 
Culicoides have small, closely set mandib- 
ular teeth and toothed Jaciniae. Gad found 
the tips of the mandibles, labrum, laciniae, 
and hypopharynx to be weakly sclerotized 
and without functional teeth in Atrichopo- 
gon pavidus (Winnertz), subfamily Forci- 


pomyiinae; therefore, he considered the 
species to be a nectar feeder. 

Many studies have used mouthpart struc- 
ture to distinguish taxa. For example, Wirth 
and Hubert (1959) used the structures of el- 
ements of the proboscis of the subgenus 
Trithecoides (tribe Culicoidini), for identi- 
fication of species and species groups. Glu- 
khova (1982) found that each element of 
the proboscis of 13 species of Trithecoides 
exhibited considerable species diversity, in 
contrast to a high degree of similarity of 
other structures (wing, maxillary palpus 
and spermathecae), and used diversity of 
these elements as diagnostic characters. She 
found no species-specific differences in the 
maxillary palpus of species of Trithecoides, 
but Chaika (1978) found the palpal sensory 
organ to be of taxonomic significance in 
some other species of Culicoides. Endopar- 
asitic species of Atrichopogon Kieff. (sub- 
family Forcipomyiinae), were divided into 
four groups by Glukhova (1981) based 
upon structure of the female mouthparts. 
She related this diversity to differences in 
the various insect hosts (beetles, lacewings, 
dragonflies, etc.) and the parts of their body 
upon which these ectoparasitic species feed. 
She found even greater diversity in mouth- 
parts of species of the related genus For- 
cipomyia which she attributed to diversity 
of their hosts. Wirth and Grogan (1988) in- 
eluded mandibles and palpi to partially 
characterize genera of Ceratopogonini. In a 
recent comparative study of ten species rep- 
resenting seven genera of predaceous 
midges of the tribe Ceratopogonini, we 
found the mandibles, labrum and palpal 
sensory organs of females to be species 
specific and the hypopharynx generically 
specific (McKeever et al. 1991). 

Descriptions of mouthparts of the pre- 
daceous midge tribe Palpomyiini (subfam- 
ily Ceratopogoninae) are few and generally 
confined to the mandibles. Dow and Turner 
(1976) presented data on the number of 
mandibular teeth of female Bezzia along 
with drawings of female mandibles of five 
of their 40 Nearctic species. Wirth (1983a) 
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presented data on the number of mandibular 
teeth of two species of Bezzia with a draw- 
ing of the mandible of one. In a later paper, 
Wirth (1983b) presented drawings, accom- 
panied by data on the number of teeth, for 
mandibles of seven species of Bezzia fe- 
males, as well as a drawing of the male 
mandible of one species. Wirth and Grogan 
(1983) gave data on the number of mandib- 
ular teeth of all species of Bezzia. Grogan 
and Wirth (1981) presented data on the 
number of mandibular teeth of 10 species 
of Auierolielea accompanied by drawings of 
the mandibles of two of the species; all of 
these species occur in Central and South 
America, and one is found in southwestern 
United States as well. Grogan and Wirth 
(1979) gave the number of mandibular teeth 
of female Palpomyia of North America and 
presented drawings of the mandibles of fe- 
males of nine of thirty-one species and 
males of three species. Downes (1978) pre- 
sented photomicrographs of mouthparts of 
female Palpomyia quadrispinosa Goetghe- 
buer and discussed in detail their functions. 
Wirth and Grogan (1982) presented a draw- 
ing of the female mandible of Phaenobezzia 
opaca (Loew), and Gad (1951) illustrated 
the female mandible of Palpomyia luteife- 
morata Edwards. To date, no studies of 
mouthparts of predaceous Palpomyiini have 
employed electron microscopy. This is a re- 
port of a detailed comparative study, by 
light and scanning electron microscopy 
(SEM), of the morphology of mouthparts of 
females of 16 species and males of 13 spe- 
cies in three genera of Palpomyiini to de- 
termine whether generic differences or spe- 
cies-specific differences, or both, exist in 
any or all structures of the mouthparts. 


MATERIALS AND METHODS 


Females of the following species were 
examined: Bezzia bivittata (Coquillett), B. 
imbifida Dow and Turner, B. nobilis (Win- 
nertz), B. glabra (Coquillett), B. dorsase- 
tula Dow and Turner, Pliaenobezzia opaca, 
Palpomyia subaspera (Coquillett), P. cres- 
soni (Malloch), P. lineata (Meigen), P. ple- 
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beia (Loew), P. rufa (Loew), P. pseudorufa 
Grogan and Wirth, P. basalis (Walker), P. 


flaviceps (Johannsen), P. scalpellifera Gro- 


gan and Wirth, and P. hastata Grogan and 
Wirth. Males of all the foregoing species 
except P. cressoni, P. flaviceps and P. has- 
tata were examined. 

All specimens except [3 P. nobilis that 
were collected at Hatchet Creek, Alachua 
County, Florida, were collected on Patuxent 
Wildlife Research Center and Beltsville Ag- 
ricultural Research Station, both near Lau- 
rel, Prince Georges County, Maryland or at 
Salisbury, Wicomico County, Maryland. 
Specimens were collected with Malaise 
traps or by sweeping vegetation and stored 
in 70% ethanol. Later, they were dehydrated 
in a graded ethanol series, dried in a critical 
point drier and dissected with tungsten nee- 
dles sharpened in boiling potassium nitrate. 
Dissected structures were suspended hori- 
zontally from fresh micro-drops of CMC 
mounting medium (Turtox, Chicago) on 15 
mm glass coverslips that had previously 
been coated with a thin film of CMC. Spec- 
imens were examined with a light micro- 
scope, measured, then gold-coated and later 
photographed with an ISI Super II scanning 
electron microscope. 

Measurements of 13 characters of the 
various mouthparts of 127 females and 77 
males were made with an ocular microme- 
ter at 400 and values expressed in mi- 
crometers (jum). In addition, the number of 
mandibular tecth was determined at 400X. 
The number of spicules on the labrum and 
hypopharynx and the number of palpal sen- 
sillae were counted directly on the SEM 
screen. Length of the sensilla and camber 
and pitch of the mandibular tecth were de- 
termined from SEM photomicrographs. 
Statistical differences were determined by 
t-tests. Measurements were determined as 
in our previous study (McKeever et al. 
1991) as follows. 

Maudibles: (total length)—from attach- 
ment of adductor muscle at outer angle of 
base of mandible to tip of distal tooth; 
(length of tooth row)—from proximal base 
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l. Measurements (um) of mandibles of female Palpomyiini. 


Total Length 


Maximum Width 


Width at Basal Tooth Length of Tooth Row 


Species Mean SE n Mean SE n Mean SE n noen EE NE 
B. bivittata 142.10 13.46 13 O28 12 water {18} 18.21 4.33 13 33.04 SOME 
B. imbifida 17000050 SA ea 2 9.84 2.73 12 40.12 3360m? 
B. nobilis 168.77 5.32 34 SO) edits R Were Wiese) Se SOS) BSS) 38 
B. glabra 177.72 9.90 24 97.6320 9-7 5220 19.58 m3544 09522 49:20 059099 S 
B. dorsasetila 126.34 6.36 33 27:26 0.74 35 12.94 0.49 33 29.88 1521 NS 
Ph. opaca 147.00 548 37 34.20 145 35 14.29 0.73 39 27.03 ESOS 
P. subaspera 232.08 — 2 43.22 — 2 25195 — 2 64.50 — 2 
P. cressoni 186.58 3.07 7 45.88 2.62 10 15.56 1.27 10 38.04 3.62 10 
P. lineata 206.83 15.67 8 43.74 3.56 9 18.62 3.54 S827 Seo 9 
P. plebeia 158.20 3.01 19 30.47 0.81 22 WN ORS 2053307 028 m22 
P. rufa 205.60 699 34 39.04 1.55 34 15751010852 :07 23 S ECTS S70) 2452035 
P. pseudorufa 159.41 3.48 28 28.60 94 29 10192 I TTE S 37200 1.90 8 
P. basalis 152:95 8.10 4 3524 3.67 4 14.30 3.16 4 28.20 20.30 4 
P. flaviceps 149/00 00052) 020" 3222 1.41 24 14.26 1.12 25 30.08 1.83 26 
P. scalpellifera 173 232205 8 36.4] 4.48 8 13.96 T059 SEO SM 1.45 8 
P. ltastata 146.96 — 2 33:21 — 2 12.46 — 2 24.60 — 2 


of proximal tooth to tip of distal tooth; 
(maximum width)—from medial to lateral 
edges, near midpoint, measured at 90° to 
long axis of mandible; (width of basal 
tooth)—from proximal base of proximal 
tooth to lateral edges, measured at 90° to 
long axis of mandible; (length of longest 
tooth)—from tip to base; (camber of the 
teeth)—proximal angle between distal edge 
of the fifth tooth (line from tip to distal 
base) and a line parallel to base of the tooth 
row; (pitch of teeth)—proximal angle be- 
tween proximal edge of the fifth tooth (dine 
from tip to proximal base) and a line par- 
allel to base of the tooth row. 

Labrum: (length)—from junction with 
hypopharynx to tip; (width)—maximum 
immediately proximal to teeth. 

Hypopharynx: (length)—from junction 
with labrum to tip; (width)—maximum im- 
mediately proximal to teeth. 

Laciniae: (length)—from junction with 
maxillary palpus to tip; (greatest width)— 
distance between lateral edges at junction 
with maxillary palpus, measured at 90? to 
long axis of the laciniae. 

Sensilla: (length)—from origin in socket 
to apex. 

There are no voucher specimens, because 


the specimens were destroyed in preparing 
the mouthparts for examination. Specimens 
of all species described herein are in the 
Florida State Collection of Arthropods, 
Gainesville, the U.S. National Museum of 
Natural History, Washington, D.C., and the 
Canadian National Collection of Insects, 
Ottawa. The mandible, labrum, hypophar- 
ynx, lacinia, and palpal sensillae are illus- 
trated by SEM photomicrographs (Figs. 1— 
17). Size relationships of the structures are 
presented tabularly, as the mean and two 
standard errors. (Tables 1—8). 


RESULTS 
General Descriptions of Structures 


Mandible.—The strongly sclerotized 
mandibles of females have an interlocking 
mechanism approximately midlength of the 
blade that is similar in structure and func- 
tion to that described for Culicoides (Gad 
1951) and the Ceratopogonini (McKeever 
et al. 1991). On the medial edge the distal 
first and usually second antrorse teeth are 
followed by a series of longer, coarse, re- 
trorse teeth that may be uniform throughout 
or may decrease in length and size proxi- 
mally (Figs. 1-5). There were 6-17 such 
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Table 2. Measurements (pm) and number of teeth of mandibles of female Palpomyiini. 


Length of Longest Tooth No. of Coarse Medial Teeth No. of Small Basal Teeth No. of Lateral Teeth 


Species Mean SE n Mean SE n Mean SE n Mean SE n 
B. bivittata SENTIR 0.41 13 10.31 1.52 19 3.47 1.40 19 3.20 1.00 20 
B. imbifida 225] OLA 12 9.42 0.99 12 2.17 0.59 12 2:05 0.61 12 
B. nobilis 4.41 0.27 39 8.96 0.25 45 S 0.59 45 4.44 0.47 45 
B. glabra 5.19 0.44 26 10.11 m2 27 1.78 0.55 27 5.00 0.89 2 
B. dorsasetula pu» a OOS E33 TESTI (0:27 31] D SEES onl 3.64 0.55 33 
Ph. opaca 6.27 0.33 39 7.07 0.10 45 0.89 0.30 45 6.61 3.36 44 
P. subaspera 7.98 — 2 9.50 — 2 2.00 — 2 3.50 — 2 
P. cressoni 5.59 0.60 39 $0863 10 2.60 0.69 10 4.00 1.04 10 
P. lineata 5.91 0.90 9 8.29 0.79 14 4.71 0.83 14 6.57 0.43 14 
P. plebeia S56 035 22 (OS Ol Ea] 2.86 0.50 21 4.54 0.45 22 
P. rufa 5.69 0.28 34 SORS 3.27 0.447 41 3.78 0.58 4) 
P. pseudorufa 4.54 0.32 28 GLT Oe 25 ZOS MOBS o> 3.09 0.54 35 
P. basalis 3.99 0.00 4 6.00 — 8 0.37 0.89 8 3.75 059 8 
P. flaviceps 3.00 0.33 26 7.06 0.34 33 1.00 043 33 227 069733 
P. scalpellifera 4.40 0.66 8 6.25 0.43 8 1.87 0.94 8 5.29 1.38 7 
P. hastata 2.66 — 2 6.00 — 2 1.50 — 2 ].50 -—— 2 


teeth on the distal 14.9 to 29.8% of the species and is attained at the point of the 


blade in all 16 species examined. Proxi- 
mally, up to eight small basal teeth may be 
present. Up to 11 small, antrorse projec- 
tions, considered to be accessory teeth, may 
occur on the lateral edge in all species, but 
these may be absent in some specimens. 
Greatest width of the mandible ranges from 
18-24% of the total length among the 16 


interlocking mechanism; little or no de- 
crease occurs proximally. The base curves 
approximately 45—90° to the long axis of 
the blade. Muscle attachment and function 
are as described for the Ceratopogonini 
(McKeever et al. 1991). 

Mandibles of males of the 13 species ex- 
amined are poorly sclerotized, broad blades 


Table 3. Measurements (pm) and number of spicules of labra and hypopharynx of female Palpomyiini. 
Labra Hypopharynx 
Total Length No. of Spicules Total Length No. of Spicules 

Species Mean SE n Mean SE n Mean SE n Mean SE n 
B. bivittata 170.24 22.40 5 19.50 6.02 4 170.05 19.02 7 20575 EOS 4 
B. imbifida 177.23 5.38 3 25.20 4.51 3 178.78 1.91 3 19:39 1.84 6 
B. nobilis 189.60 10.99 18 25.]4 4.42 3i 199.20 10.47 16 29.27 6.37 11 
B. glabra 209.70 16.20 12 19.64 3.91 11 2210 S IPAR A corsa, 3:622 T1 
B. dorsasetula 158.36 3.54 15 17:92 a e 155.14 4.33 17 20.50 1.46 14 
Ph. opaca 188.73 16.66 14 26.12 1.69 17 185.40 15.66 15 15.94 5:998 l7 
P. subaspera 266.00 — l 21.00 — l 251.37 — 1 36.00 — l 
P. cressoni 223.08 35.64 3 18.00 7.45 Bee 217268) 39298) 3) 37.9] 10.24 5 
P. lineata 249.25 30.24 3 20.50 — 2 268/55 — I 24.00 — ] 
P. plebeia 184.37 8.59 8 29 Seon? 2 179.81 8.95 9 — — 0 
P. rufa 239/00 IP [9 12 15:83 3.14 6 24440 15.62 13 11.75 6.67 4 
P. pseudorufa 187.29 8.06 ll 1/22 2:87 9 187.33 TO? 19.62 4.66 8 
P. basalis 183.54 -—— 2 — = 0 186.20 -— 2 7.00 — 2 
P. flaviceps TEJ ZOTE IE9S 7 18.57 7.04 7 167.36 8.46 12 5.60 5.38 5 
P. scalpellifera 198.83 39.42 4 — — 0 107.73 TIES 3j 10.00 — 2 
P. hastata — — 0 18.00 — | — — 0 6.00 — j| 
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Fig. 1. SEM photomicrographs of mandibles of female. A, Bezzia bivittata. B, B. imbifida. C, B. uobilis. D, 
B. glabra. E, B. dorsasetula. E, Phaeuobezzia opaca. G, Palpomyia subaspera. H, P. cressoni. White bars equal 
8 pm. 
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Fig. 2. SEM photomicrographs of mandibles of female. A, Palpomyia lineata. B, P. plebeia. C, P. rufa. D, 
P. pseudorufa. E, P. basalis. E P. flaviceps. G, P. scalpellifera. H, P. lastata. White bars equal 8 jum. 


PROCEEDINGS OF THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 


Fig. 3. SEM photomicrographs of mandibles of female. A, Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, 
B. glabra. E, B. dorsasetula. E, Phaenobezzia opaca. White bars equal 8 jum. 
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Fig. 4. SEM photomicrographs of mandibles of female. A, Palpomyia subaspera. B, P. cressoni. C, P. 


lineata. D, P. plebeia. E, P. rufa. F, P. pseudorufa. White bars equal 8 pm. 
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Fig. 5. 
pellifera. D, P. hastata. White bars equal 8 um. 


with up to 13 long, coarse, antrorse, some- 
times branched, teeth on the medial edge 
and, in nine species, up to 10 short antrorse 
teeth on the lateral edge (Figs. 6-9). Max- 
imum width is attained at approximately 
mid-length of the blade and is 14.1—19.396 
of their total length. There is little reduction 
in width proximal to mid-length. The artic- 
ulating mechanism of female mandibles is 
absent in males. The basal portion curves 
approximately 45° to the long axis of the 
blade. 

Labrum.—The labrum of both sexes is 
moderately sclerotized, ventrally concave in 
cross section and proximally joined to the 
hypopharynx on both sides. Two short sen- 
silla basiconica occur in pits located asym- 
metrically on the ventral surface near the 
proximal end of the row of lateral spicules 
(Figs. 10, 11). In females the tip is rounded 
and terminates in two median short, peg- 
like structures with rounded points; lateral 
to these are three, sometimes two, rounded 
structures. Antrorse spicules on the distal 
ventrolateral surface are short triangular or 
stout spinelike structures that occur in a sin- 


SEM photomicrographs of mandibles of female. A, Palpomyia basalis. B, P. flaviceps. C, P. scal- 


gle series on each side. The labrum of 
males is more pointed than in conspecific 
females, in most species the terminal me- 
dian peg-like structures are replaced by an- 
trorse spicules, and the lateral rounded 
structures are reduced in size or absent. The 
ventrolateral spicules are longer and more 
slender than those of females and occur in 
one to three rows. 

Hypopharynx.—In both sexes the mod- 
erately sclerotized hypopharynx has a deep 
dorsal salivary groove located above a ven- 
tral keel; both structures become less pro- 
nounced distally and terminate proximal to 
the tip. Antrorse spicules of varying lengths 
occur on the rounded or semipointed tip of 
the hypopharynx of females and, in most 
species, extend for varying distances prox- 
imally along its lateral edges. The spicules 
vary in shape from tooth-like to spike-like 
to filiform (Fig. 12). The hypopharynx of 
males is less heavily sclerotized, shorter 
and has longer spicules than those of con- 
specific females (Fig. 13). 

Lacinia.—1n both sexes of all species ex- 
amined, the laciniae are acute triangular in 
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A, Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, 


Fig. 6. SEM photomicrographs ol mandibles of male. 
lineata. White bars equal 


B. glabra. E, B. dorsasetula. F, Phaenobezzia opaca. G, Palpomyia subaspera. H, P. 


8 pm. 
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Figs 7: 


shape, have no teeth or spicules on either 
the tip or edges and are one-half to three- 
fourths the length of the mandibles (Figs. 
14-15). Their structure indicates that they 
serve as the lateral boundary of the pro- 
boscis food canal. The base is thick and, on 
broken specimens, appears to be hollow 
(Fig. 14C). Laciniae of both sexes of all 
species are similar and do not differ dis- 
ünctively in appearance from each other, 
but females have longer laciniae than con- 
specific males. 

Maxillary palpal sensory organ.—In both 
sexes of all species the filiform sensilla, 
known as Newstead's sensilla or bulb or- 
gans (Lewis, 1973), that constitute the sen- 
sory organ, arise from an unindented sur- 
face on the distal end of the third palpal 
segment as in Corethrellidae (McKeever 
1986), Ceratopogonidae (McKeever et al. 
1991) and Psychodidae (Brinson et al. 


SEM photomicrographs of mandibles of male. A, Palpomyia plebeia. B, P. rufa. C, P. pseudorufa. 
D, P. basalis. E, P. scalpellifera. White bars equal 8 jum. 


1993). In contrast, the sensilla arise from a 
pit in Culicoides (Chu-Wang et al. 1975) 
and some Ceratopogonini where the pit 
ranges from shallow, as in Alluaudomyia 
bella (Coquillett), to deep, with heads of the 
sensilla below its rim, as in Downeshelea 
stonei (Wirth) (McKeever et al. 1991). In 
Palpomyiini the long stalk of each sensil- 
lium originates from a recessed socket as in 
Culicoides (Rowley and Cornford 1972) 
and Ceratopogonini (McKeever et al. 1991) 
and the tip is expanded to form a head, the 
shape of which varies among the species 
(Figs. 16, 17). In some species, the sensilla 
are closely grouped and their heads are in 
approximately the same plane, but in others 
they originate along over half the length of 
the palpal segment and the stalk of one sen- 
sillium may not extend to the point of ori- 
gin of a more distal! one. The number of 
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A. Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, 


Fig. 8. SEM photomicrographs of mandibles of male. 
B. glabra. E, B. dorsasetula. F, Phaenobezzia opaca. White bars equal 8 jum. 
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Fig. 9. SEM photomicrographs of mandibles of male. A, Palpomyia subaspera. B, P. lineata. C, P. plebeia. 
D, P. rufa. E, P. pseudorufa. F, P. scalpellifera. White bars equal 8 jum. 
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Fig. 10. SEM photomicrographs of labra of female. A, Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, B. 
glabra. E, B. dorsasetula. F, Phaenobezzia opaca. G, Palpomyia cressoni. H, P. lineata, 1, P. plebeia. J, P. rufa. 
K, P. pseudorufa. L, P. basalis. M, P. flaviceps. N, P. scalpellifera. O, P. hastata. White bars equal 8 pm. 
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Fig. 1l. SEM photomicrographs of labra of male. A, Bezzia bivittata. B, B. ànbifida. C, B. nobilis. D, B. 
glabra. E, B. dorsasetula. F, Phaenobezzia opaca. G, Palpomyia subaspera. H, P. lineata. 1, P. plebeia. J, P. 
rufa. K, P. pseudorufa. L, P. basalis. M, P. scalpellifera. White bars equal 8 jum. 
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Fig. 12. 
nobilis. D, B. glabra. E, B. dorsasetula. E, Phaenobezzia opaca. G, Palpomvia cressoni. H, P. lineata. 1, P. 
plebeia. J, P. rufa. K, P. pseudorufa. L, P. basalis. M, P. flaviceps. N, P. scalpellifera. O, P. hastata. White 
bars equal 8 jum. 


sensilla is approximately equal in both sex- 

es of the same species (Tables 4, 8). 
Description of Mouthparts by Species 
Bezzia bivittata. Mandible (female) 


(Figs. 1A, 3A): 114—175 p.m (n = 13) long, 
23-37 wm (n = 13) wide; tooth row 23% 


SEM photomicrographs of the hypopharynx of female. A, Bezzia bivittata. B, B. imbifida. C, B. 


of total length; 7-15 (i = 19) small coarse 
medial teeth, uniform throughout, their 
camber 35°, pitch 71°; 0-8 (n = 19) small 
basal teeth, sometimes bifurcate; 0—6 (n = 
20) small lateral tecth. 

Mandible (male) (Figs. 6A, 8A): 121— 
140 pm (n = 10) long, 19-24 wm (n = 10) 
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Fig. 13. SEM photomicrographs of the hypopharynx of male. A, Bezzia bivittata. B, B. imbifida. C, B. 
nobilis. D, B. glabra. E, B. dorsasetula. F, Phaenobezzia opaca. G, Palpomyia subaspera. H, P. lineata. I, P. 
plebeia. J, P. rufa. K, P. pseudorufa. L, P. basalis. M, P. scalpellifera. White bars equal 8 jum. 
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Fig. 14. 
opaca. D, Palpomyia cressoni. E, P. lineata. F, P. plebeia. White bars equal 8 wm. 


wide; 4—13 (n = 10) large medial teeth, api- 
cal ones slender, some proximal ones may 
be bifurcate; 0—2 (n = 10) small basal teeth; 
0-1 (n = 10) small lateral projections. 

Labrum (female) (Fig. 10A): 146—189 
pm (n = 5) long, 21-29 um (n = 7) wide, 
14—22 (n — 4) short, coarse, widely-spaced 
spicules. 

Labrum (male) (Fig. 11A): 157-160 jum 
(n = 2) long, 16-21 um (n = 2) wide; 18- 
20 (n = 2) short, coarse, widely-spaced 
spicules in a single row on the ventrolateral 
surfaces; additional spicules on the subapi- 
cal ventral surface; spicules replace the ter- 
minal median projections of females. 

Hypopharynx (female) (Fig. 12A): 142- 
200 pm (n = 7) long, 14—40 pm (n = 7) 
wide; 17—32 (n = 4) short, semi-blunt spic- 
ules on margins and apex. 

Hypopharynx (male) (Fig. 13A): 142- 
186 wm (n = 4) long, 23-32 um (n = 4) 
wide; 7—21 (n = 3) long, slender spicules 
on distal margins and apex, minute spicules 
on margins proximally. 

Palpal sensory organ (female) (Fig. 
16A): 3-4 (n = 3) closely grouped sensilla 
14—15 pm (n = 2) long, heads spatulate. 

Palpal sensory organ (male) (Fig. 17A): 
2-6 (n = 5) closely grouped sensilla 16—19 
pm (z = 3) long, heads spatulate. 


SEM photomicrographs of laciniae of female. A, Bezzia nobilis. B, B. dorsasetula. C, Phaenobezzia 


Bezzia imbifida. Mandible (female) (Figs. 
IB, 3B): 158-182 pm (n = 11) long, 27- 
35 um (n = 12) wide; tooth row 24% of 
total length; 7-12 (n = 12) small, coarse 
medial teeth, diminishing in size proximal- 
ly, their camber 25°, pitch 75°; 1—4 (n = 
12) small, basal teeth; 3-6 (n = 12) minute 
lateral teeth. 

Mandible (male) (Figs. 6B, 8B): 134— 
165 pm (n = 10) long, 20-23 pm (n = 10) 
wide; 6—11 (n — 11) large medial teeth, api- 
cal ones slender, proximal ones coarse; 0— 
2 (n = 11) small basal teeth; 0—3 (n = 11) 
minute lateral teeth. 

Labrum (female) (Fig. 10B): 176—180 
um (n = 2) long, 28-29 wm (n = 5) wide; 
20-30 um (n = 5) coarse, closely spaced 
spicules. 

Labrum (male) (Fig. 11B): 152-169 jum 
(n = 4) long, 19-21 um (n = 6) wide; 17 
(n = 1) sharp, widely-spaced spicules on 
the ventrolateral surfaces and as replace- 
ments for the median projections of fe- 
males. 

Hypopharynx (female) (Fig. 12B): 177— 
178 jum (n = 3) long, 19-25 pm (n = 6) 
wide; 17—22 (n — 6) short, sharp, irregu- 
larly spaced spicules on lateral margins, and 
sparse, irregularly spaced projections on 
apex. 
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Fig. 15. SEM photomicrographs of laciniae of male. A, Bezzia bivittata. B, B. imbifida. C, B. glabra. D, B. 
dorsasetula. E, Phaenobezzia opaca. E, Palpomyia subaspera. G, P. lineata. H, P. plebeia. 1, P. rufa. J, P. 
pseudorufa. K, P. scalpellifera. White bars equal 8 jum. 
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SEM photomicrographs of sensilla of female. A, Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, 


B. glabra. E, B. dorsasetula. F, Phaenobezzia opaca. G, Palpomyia subaspera. H, P. cressoni. 1, P. lineata. J, 
P. plebeia. K, P. rufa. L, P. pseudorufa. M, P. flaviceps. N, P. scalpellifera. O, P. hastata. White bars equal 8 


pm. 


Hypopharynx (male) (Fig. 13B): 153- 
168 um (n = 3) long, 19-20 pm (n = 4) 
wide; 11-21 (n = 4) long, slender, closely 
spaced spicules on distal margins and apex. 

Palpal sensory organ (female) (Fig. 
16B): 5-8 (n = 7) closely grouped sensilla 
37.5—37.5 wm (n = 3) long, heads spatulate. 

Palpal sensory organ (male) (Fig. 17B): 


4—7 (n = 5) closely grouped sensilla 16-19 
pm (n = 4) long, heads spatulate. 

Bezzia nobilis. Mandible (female) (Figs. 
IC, 3C): 142-196 pm (n = 34) long, 31— 
96 wm (n = 37) wide; tooth row 30% of 
total length; 7—10 jum (n = 45) large coarse 
medial teeth, diminishing in size proximal- 
ly, their camber 32°, pitch 71°; 0-8 (n = 
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e. A, Bezzia bivittata. B, B. imbifida. C, B. nobilis. D, B. 


dorsasetnla. F, Pliaenobezzia opaca. G, Palpomyia subaspera. H, P. lineata. 1, P. plebeia. J, P. 


Fig. 17. SEM photomicrographs of sensilla of mal 


glabra. E, B. 


rufa. K, P. pseudorufa. L, P. scalpellifera. White bars equal 8 jum. 
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Table 4. Measurements (jm) of laciniae and measurements and number of sensilla of maxillary palpal 


sensory organ of female Palpomytini. 


Laciniae Sensilla 
Total Length Maximum Width No. per Organ Total Length 

Species Mean SE n Mean SE n Mean SE n Mean SE n 
B. bivittata 105.51 10.94 6 26.38 137 6 3.67 1.43 3 14.75 — 2 
B. imbifida 106.90 7.47 8 26.27 1.95 8 6.14 1.41 95 37.50 — B 
B. uobilis 115.42 5.02 14 29.79 2:20 MENS 6.87 1.06 16 19:400 ]555 S 
B. glabra DEUS? 08 4 26.27 0152 4 S97 ISP a DIES OS OG 
B. dorsasetula 83.09 ses II8) 25.62 0.70 16 5.42 043 24 19.80 2.03 5 
Ph. opaca 81.36 9:23 18 29.65 155028827 Or G0 MA S TS SSG) 
P. subaspera 127.68 -— 2 43.22 — 2 10.00 — l 26.50 3.68 6 
P. cressoni 142.58 — 21.57 S 39.37 3.80 5 2:43. INIS 7 21:883. 2.2456 
P. lineata 110.83 76.30 3 30.15 24.35 3 12.00 — I 28.53 28g 
P. plebeia 115.49 5 20MM 28.21 2.43 14 Teles) 1.01 13 16:505 72 UG 
P. rufa 154.92 8.67 19 36.48 ei G 8.05 1.34 18 17.83 1223556 
P. pseudorufa 121.47 12.74 9 2 1.96 9 2:20 0O51 17 20:80 08805 5 EES 
P. basalis — — 0 — — 0 -— — 0 — — 0 
P. flaviceps 97.62 24.42 5 27.04 16.63 z S53 O77 17 2800988257: 0S 
P. scalpellifera 130.78 | 50.04 3 37.68 15.61 3 9308356 5 30:850 [42M5 
P. hastata — — 0 — — 0 12.00 — 1 20.34 307 5 


45) small, basal teeth; 2-8 (n = 45) prom- 
inent lateral teeth. 

Mandible (male) (Figs. 6C, 8C): 120- 
169 pm (n = 12) long, 20-32 wm (n = 15) 
wide; 2-13 (n 15) small short medial 
teeth, apical ones long and slender; 0—4 (n 
15) minute basal teeth; 0-3 (n — 15) 


minute lateral teeth, proximal ones short, 
apical ones long and slender. 

Labrum (female) (Fig. 10C): 146—225 
pm (n 18) long, 23-40 pm (n 20) 
wide; 17—30 (n = 7) coarse, closely spaced 
spicules in single row distally and double 
row proximally on ventrolateral surfaces. 


Table 5. Measurements (pm) of mandibles of male Palpomyiini. 


Total Length 


Species Mean SE n Mean 
B. bivittata 133.93 6.18 10 21.28 
B. imbifida 147.92 8.06 9 20.80 
B. nobilis 147.63 8.89 12 25.56 
B. glabra 138.54 Du 6 25.67 
B. dorsasetula 114.61 2.4 17 21.87 
Ph. opaca 118.51 6.14 18 24.80 
P. subaspera 130.34 10.38 5 25.05 
P. cressoni — — 0 — 
P. lineata 146.30 11.17 14 26.78 
P. plebeia Ili S59 255 1 IIS 20.02 
P. rufa 134.42 8.02 15 22.34 
P. pseudorufa 113.37 S50 20.31 
P. basalis 105.07 — 2 19.95 
P. flaviceps — — 0 — 
P. scalpellifera Ii7:05 T259 4 22.61 
P. hastata — — 0 = 


Maximum Width 


Width at Basal Tooth Length of Tooth Row 


SE n Mean SE n Mean SE n 
1.42 10 12:05. 2-995 10 25.80 695 40 
072 ane) Hisse Oea n 33:12. 76:03 ail 
2-30 I5 984 2.44 15 26:60 0 879 T5 
142 10 7.00 2.06 10 14.89 5.55 10 
esi IS LEO OSEE 22247) eZee s 
1.54 20 10.83 1.29 20 17.86 T263 20 
2 6 13.60 0.93 7 30.02 5.40 y 

— 0 — — 0 — — 0 
252 IS LESS 81:02 MIS 23:760 546m5 

:3l 18 7.54 1.04 18 15.81 1.60 18 
1.65. 15 10.02 01:07 tis Mlos Aras JS 
0.80 22 7.50 0:43. 22 2170 T 

— 2 — — 0 — — 0 

— 0 — — 0 — — 0 
1575 4 osse 4 13:30 930 4 

0 —- — 0 — — 0 
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6. Measurements (um) and number of spicules of mandibles of male Palpomyiini. 


No. of Small 
Basal Teeth 


No. of Coarse 
Medial Teeth 


Length of 


Longest Tooth No. of Lateral Teeth 


Mean SE n 


Species Mean SE n Mean SE n Mean SE n 
B. bivittata 1.92 0:53 o 740 2.06 10 0.20 045 10 0.70 0.23 10 
B. imbifida 2.71 0.12 12 8.36 1.24 11 0.36 0.54 11 0.45 0.70 11 
B. uobilis 4.41 0.27 39 5.87 1.61 15 0.67 0.77 15 0.40 0.50 15 
B. glabra 5.19 0.44 26 4.30 1.58 10 0.50 0.61 10 0.20 0.30 10 
B. dorsasetula 1.92 0.41 18 5.94 0.47 18 0.00 — 18 0.00 — 18 
Ph. opaca 2.4 047 19 4.10 0.60 20 0.00 — 20 0.5 0.72 20 
P. subaspera 1.90 0.66 F 4.14 1555 7 — == 0 0.71 0.66 7 
P. cressont — — 0 — = 0 — — 0 = — 0 
P. lineata 2:758 Oe) 1S 5.94 1.00 16 0.3] 042 16 0.19 0.29 16 
P. plebeia 1.81 0.37 18 5.00 1.11 18 0.00 — 18 0.17 0.26 18 
P. rufa 2.08 0.57 15 4.80 0.70 I5 0.27 0.57 15 0.00 — 14 
P. pseudorufa 1:09 O27 22 486 0.31 22 0.00 — 22 0.00 — 22 
P. basalis — — 0 — = 0 — — 0 — — 0 
P. flaviceps — — 0 — — 0 — — 0 — — 0 
P. scalpellifera 133250 4 4.25 2.00 4 0.00 — 4 0.00 — 4 
P. hastata — — 0 — 0 — — 0 — — 0 
Labrum (male) (Fig. 11C): 160-186 um Hypopharynx (male) (Fig. 13C): 172- 
(n = 7) long, 20-27 pm (n = 8) wide, 16— 184 pm (n = 7) long, 17-33 pm (n = 8) 
29 (n = 8) spicules, the proximal ones wide; 11—22 (n = 6) long, slender, closely 


coarse, distal ones long and slender. 

Hypopharynx (female) (Fig. 12C): 165- 
229 um (n = 16) long, 22-37 pm (n = 17) 
wide; 15—46 (n — 11) short, sharp, irregu- 
larly spaced spicules on lateral margins and 
apex. 


spaced spicules on distal margins and apex. 
Palpal sensory organ (female) (Fig. 
16C): 2-10 (n = 16) closely grouped sen- 
silla 17—21 jm (n = 5) long, heads spatu- 
late. 
Palpal sensory organ (male) (Fig. 17C): 


Table 7. Measurements (pm) and number of spicules of labra and hypopharynx of male Palpomyiini. 


Labra Hypopharynx 
Total Length No. of Spicules Total Length No. of Spicules 

Species Mean SE n Mean SE: n Mean SE n Mean SE n 
B. bivittata 158.27 — 2 19.00 — 2 159.27 29.99 4 13:33 91/62 3 
B. imbifida 158.60 11.77 4 17.00 — l 15915 18.79 3 16.50 6.69 4 
B. nobilis 173.09 8:33 T Pala Sire e 176.89 4.49 T 16.32 3.91 6 
B. glabra 154.72 8.31 3 14.00 3.04 5 159.27 21.04 4 T339 2.87 6 
B. dorsasetula 142.16 4.75 9 18.67 428 6 139.92 4.59 9 15.87 1.92 8 
Ph. opaca 141.74 11.09 il 7297595 6770 ES) 137.39 9.76 10 12.12 2.66 8 
P. subaspera 147.30 SSII 4 18.67 574 3 147.63 11.45 3 13.50 — 2 
P. cressoni — — 0 — — 0 — — 0 — — 0 
P. lineata 1715572222718 5 15.50 4.78 6 175212 15-7] 6 13.30 3.36 6 
P. plebeia 144.78 6.68 y 18.7] 2.65 7 139.65 TIS 6 13.30 1.47 10 
P. rufa 160.40 10.64 10 14.25 208 8 162.09 15.44 8 11.50 5.40 8 
P. pseudorufa 129.01 6.88 8 all 22959 129.01 5.0721)! 14.82 1.46 11 
P. basalis 143.64 — l 16.00 — ] 140.98 — | 11.00 — 1 
P. flaviceps — — 0 — — 0 — — 0 — — 0 
P. scalpellifera 133.00 — 1 11.00 — 1 131.67 — l 4.00 — 1 
P. hastata o — 0 — — 0 — — 0 — — 0 
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Table 8. Measurements (jum) of laciniae and measurements and number of sensilla of maxillary palpal 


sensory organ of male Palpomyiini. 


Laciniae Sensilla 
Total Length Maximum Width No. per Organ Total Length 

Species Mean SE n Mean SE n Mean SE n Mean SE n 
B. bivittata 88.78 16.51 4 23.61 7.60 4 3.40 2.08 5 17.48 2.79 3 
B. imbifida 957911 3.45 9 20017 2.85 6 5.50 2.05 5 16.93 1.75 4 
B. nobilis 100.50 10.30 10 21.52 3.06 ll 4.25 0.86 12 17.86 0.88 4 
B. glabra 55.33 13.84 5 17.73 9.54 3 2.78 1.00 o 15.16 2.70 5 
B. dorsasetula 72.61 5.18 10 2021 2.36 10 4.25 0.87 8 19773228 3 
Ph. opaca TEILS; 9.94 7 23.37 3.00 7 4.22 0.71 18 11.29 0.87 4 
P. subaspera 82.46 5.65 6 23.05 5.41 5) 4.17 1.68 6 2106) 2715 4 
P. cressoni — — 0 — — 0 — — 0 — — 0 
P. lineata 85.56 5.09 9 28.50 3.61 7i 3.86 0.64 7) 17.17 0.00 B 
P. plebeia 86.24 2.70 13 22339 23 4.50 0.63 14 10:33. 2267 14 
P. rufa DTE277 8.86 8 19.42 2.78 5 383 069 J3 17700982312 5 
P. pseudorufa go.9» 3.44 ll 15239 T 1629811 3.00 0.59 18 19:39 1:06 S 
P. basalis — — 0 = — 0 — — 0 — — 0 
P. flaviceps — — 0 — — 0 — — 0 — — 0 
P. scalpellifera Mey — l 35.90 — ] 8.00 -— 2 18.40 0.74 5 
P. hastata — — 0 — — 0 — -—- 0 — — 0 


2—6 (n 12) closely grouped sensilla 17— 
18 pm (n = 4) long, heads spatulate. 

Bezzia glabra. Mandible (female) (Figs. 
1D, 3D): 148-226 um (n = 24) long, 28- 
50 um (n = 26) wide; tooth row 28% of 
total length; 7-17 jm (n 27) medium 
size medial teeth, diminishing in size prox- 
imally, distal ones widely spaced, their 
camber 43°, pitch 89°; 0—4 (n = 27) small, 
basal teeth; 0—10 (2 — 27) small to promi- 
nent lateral teeth. 

Mandible (male) (Figs. 6D, 8D): 128— 
149 pm (n = 6) long, 23-29 um (n = 10) 
wide; 2-10 (n = 10) small to medium me- 
dial teeth, proximal ones slender; 0-2 (n = 
10) minute basal teeth; 0—1 (z = 10) minute 
lateral teeth. 

Labrum (female) (Fig. 10D): 169—269 
pm (n 11) long, 29-43 pm (n 11) 
wide; 12-29 (n 11) coarse, closely 
spaced spicules. 

Labrum (male) (Fig. 11D): 152-158 um 
(n = 3) long, 21—28 um (n = 6) wide, 11— 
17 (n 5) coarse spicules on the antero- 
ventral surfaces, apex without spicules, 
similar to that of females, but structures less 
developed. 

Hypopharynx (female) (Fig. 12D): 186— 


274 wm (77 = 12) long, 20-39 jum (n = 12) 
wide; 6—37 (n = 11) short, sharp, widely 
and regularly spaced spicules on lateral 
margins and apex. 

Hypopharynx (male) (Fig. 13D): 149— 
178 um (n = 4) long, 13-16 pm (n = 5) 
wide; 9-16 (n 6) long, slender closely 
spaced spicules on most distal margins and 
apex, short spicules on margins proximally. 

Palpal sensory organ (female) (Fig. 
16D): 1-9 (n = 15) closely grouped sensilla 
10-12 um (2 = 6) long, heads spatulate. 

Palpal sensory organ (male) (Fig. 17D): 


1—5 (n = 9) closely grouped sensilla 13-18 
pm (7 = 5) long, heads spatulate. 
Bezzia dorsasetula. Mandible (female) 


(Figs. IE, 3D): 116—144 jum (n = 33) long, 
24—32 um (n 35) wide; tooth row 23% 
of total length; 6-9 (n 31) large coarse 
medial teeth, distal ones uniform, proximal 
ones progressively smaller, their camber 
35°, pitch 85°; 0-5 (n 31) small basal 
teeth; 2—7 (n = 33) prominent lateral teeth. 

Mandible (male) (Figs. 6E, 8E): 106—120 
pm (7 = 17) long, 20-31 um (n = 18) 
wide; 4—7 (n 8) medium medial teeth, 
lateral teeth absent. 

Labrum (female) (Fig. JOE): 


149—172 
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um (n = 15) long, 21-27 um (n = 17) 
12-23 (n = 12) coarse, closely 
aced spicules. 

Labrum (male) (Fig. 11E): 134-153 wm 
(n = 9) long, 17-24 wm (n = 9) wide, 15— 
26 (n — 6) long, slender spicules in 2—3 
rows on the ventrolateral surfaces and apex, 
apical structures of females absent. 

Hypopharynx (female) (Fig. 12E): 133- 
169 um (7 = 17) long, 20-24 pm (7 = 18) 
wide; 18-24 (n = 14) very short, regularly 
and widely spaced spicules on lateral mar- 
gins, those on the rounded apex closely 
spaced. 

Hypopharynx (male) (Fig. 13E): 133- 
150 jum (7 = 9) long, 15-20 wm (n = 10) 
wide; [2-19 (n = 8) short, widely and 
evenly spaced spicules on margins and 
apex. 

Palpal sensory organ (female) (Fig. 16E): 
3-8 (n — 24) closely grouped sensilla 18— 
22 wm (n = 5) long, heads filiform. 

Palpal sensory organ (male) (Fig. 17E): 
3-5 (n = 8) closely grouped sensilla 19—20 
pm (7 = 3) long, heads fusiform. 

Phaenobezzia opaca. Mandible (female) 
(Figs. IE 3F): 120-180 jum (n = 37) long, 
29-43 jum (n = 35) wide; tooth row 24% 
of total length; 7-8 (m = 8) large coarse 
medial teeth, the row terminates abruptly, 
proximal tooth largest, others uniform, their 
camber 45°, pitch 71°; 0-2 (n = 8) small 
basal teeth; 3-6 (n = 8) small lateral teeth. 

Mandible (male) (Figs. 6E. 8E): 104-142 
pm ( = 19) long, 20-32 pm (7 = 21) 
wide; 2-6 (n — 21) medium medial teeth, 
0—1 (n = 21) small lateral teeth. 

Labrum (female) (Fig. 10F): 153-245 
pm (7 = 14) long, 19-39 pm (n = 19) 
wide; 21—32 (n = 17) long, slender, closely 
spaced spicules in single row on both ven- 
trolateral and subapical surfaces. Spicules 
most abundant in this species of any ex- 
amined. 

Labrum (male) (Fig. 11F): 121-146 pm 
(n = 8) long, 19-44 pm (Gi = 10) wide: 
14-36 (n = 8) long, slender, closely spaced 
spicules in 2-3 rows on the ventrolateral 
and subapical ventral surfaces. Spicules 


most abundant in this species of any ex- 
amined. 

Hypopharynx (female) (Fig. 12F): 152- 
245 wm (n = 15) long, 4-37 pm (i = 17) 
wide; 0—9 (n = 17) long, slender spicules 
on the apex, absent from lateral margins. 

Hypopharynx (male) (Fig. 13F): 120- 
156 wm (1 = 11) long, 13-20 wm (n = 10) 
wide; 10-19 (n = 9) long, very slender 
spicules on pointed apex, absent from mar- 
gins. 

Palpal sensory organ (female) (Fig. 16F): 
4-9 (n = 15) closely grouped sensilla 17— 
21 jum (7 = 6) long, heads spatulate. 

Palpal sensory organ (male) (Fig. 17F): 
2-7 (n = 6) closely grouped sensilla 11—12 
um (n = 4) long, heads spatulate. 

Palpomyia subaspera. Mandible (female) 
(Figs. 1G, 4A): 226-238 um (n = 2) long, 
40-47 um (n = 2) wide; tooth row 28% of 
total length; 9-10 (G1 = 2) large coarse me- 
dial teeth, largest midlength of tooth row, 
their camber 58°, pitch 85°; 2-2 (n = 2) 
small basal teeth; 3-4 (an = 2) minute to 
small lateral teeth. 

Mandible (male) (Figs. 6G, 9A): 118- 
140 pm (n = 5) long, 20-27 pm (n = 6) 
wide; 3-7 (n = 7) medium medial teeth, 0— 
2 (n = 7) small lateral teeth. 

Labrum (female) (no Fig.): 266 um (n = 
1) long, 52 um (n = 1) wide; 21 (n = 1) 
spicules. 

Labrum (male) (Fig. 11G): 144-150 pm 
(n = 4) long, 25-27 pm (n = 3) wide; 16- 
20 pm (n = 3) spicules, long and slender 
and replace midapical structures of females, 
minute to short on ventrolateral surfaces. 

Hypopharynx (female) (no Fig.): 251 uum 
(n = 1) long, 49 pm (n = 1) wide; 36 (n 
= ]) spicules. 

Hypopharynx (male) (Fig. 13G): 145- 
156 pm (n = 3) long, 20-21 jm (n = 3) 
wide; 7-20 (n = 2) medium length slender 
spicules on rounded apex and distal mar- 
gins. 

Palpal sensory organ (female) (Fig. 
16G): IO (2 = 1) closely grouped sensilla 
22-30 um (1 = 6) long, heads spatulate. 

Palpal sensory organ (male) (Fig. 17G): 
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2—7 (n = 6) closely grouped sensilla 20-23 
pm (2 = 4) long, heads same diameter as 
stalk. 

Palpomyia cressoni. Mandible (female) 
(Figs. IH, 4B): 181—192 jum (n = 7) long, 
40-50 pm (n = 10) wide; tooth row 20% 
of total length; 6—9 (n = 10) medium coarse 
medial teeth, largest midlength of tooth row 
then rapidly diminishing in size proximally, 
their camber 46°, pitch 86°; 1—4 (n = 10) 
small, basal teeth; 2-7 (n = 10) minute lat- 
eral teeth. 

Mandible (male): no specimens. 

Labrum (female) (Fig. 10G): 207—234 
pm (2 = 3) long, 32-40 wm (n = 4) wide; 
15-21 (n = 3) spicules which are minute 
and widely spaced in a single row. 

Labrum (male): no specimens. 

Hypopharynx (female) (Fig. 12G): 209— 
230 um (n = 3) long, 29-48 um (n = 5) 
wide; 29—48 (n — 5) short spicules on apex 
and lateral margins. 

Hypopharynx (male): no specimens. 

Palpal sensory organ (female) (Fig. 
16H): 6-9 (n = 7) closely grouped sensilla 
20-26 um (n = 6) long, heads spatulate. 

Palpal sensory organ (male): no speci- 
mens. 

Palpomyia lineata. Mandible (female) 
(Figs. 2A, 4C): 120-239 um (n = 8) long. 
37—49 um (n = 9) wide; tooth row 25% of 
total length; 7—11 (n = 14) large coarse me- 
dial teeth, uniform on distal three-fourths of 
row, then diminishing rapidly; 3-8 (n = 14) 
small basal teeth; 5-11 (n = 14) small lat- 
eral teeth. 

Mandible (male) (Figs. 6H, 9B): 120- 
184 pm (n = 12) long, 21-31 wm (n = 11) 
wide; 3-10 (n = 16) large medial teeth, 0— 
2 (n = 16) minute lateral teeth. 

Labrum (female) (Fig. 10H): 235-258 
pm (n = 3) long, 33-40 jum (n = 4) wide; 
18-23 (n = 2) short, widely spaced spicules 
on ventrolateral surfaces, closely spaced on 
subapical surface. 

Labrum (male) (Fig. 11H): 140-186 jum 
(n = 5) long, 23-33 wm (n = 9) wide; 9— 
22 (n — 6) medium slender to coarse spic- 
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ules on ventrolateral and subapical ventral 
surfaces, absent from apex. 

Hypopharynx (female) (Fig. 12H): 269 
um (n = 1) long, 33-47 um (i = 2) wide; 
24 (n = 1) short, closely set spicules on 
rounded apex and margins. 

Hypopharynx (male) (Fig. 13H): 173- 
186 pm (n = 5) long, 21-36 um (n = 7) 
wide; 8-17 (n = 6) long, slender spicules 
on semirounded apex and distal margins. 

Palpal sensory organ (female) (Fig. 161): 
11 (n = 1) longitudinally widely spaced 
sensilla 25-32 jum (n = 6) long, heads fu- 
siform. 

Palpal sensory organ (male) (Fig. 17H): 
3-5 um (n = 9) longitudinally widely 
spaced sensilla 17-17 wm (n = 3) long, 
heads fusiform. 

Palpomyia plebeia. Mandible (female) 
(Figs. 2B, 4D): 146-171 um (7 = 19) long, 
27-33 um (n = 22) wide; tooth row 21% 
of total length; 6-8 (@ = 21) large coarse 
medial teeth, largest proximal, their camber 
55°, pitch 91°; 2-5 (n = 21) small basal 
teeth; 3-6 (n = 22) small lateral teeth. 

Mandible (male) (Figs. 7A, 9C): 110- 
126 um (2 = 18) long. 17-29 pm G1 = 18) 
wide; 3-11 (n = 18) large medial teeth, 
some bifurcate; 0-2 (n — 18) minute lateral 
teeth. 

Labrum (female) (Fig. 101): 110—197 wm 
(1 = 8) long, 23-32 um (n = 10) wide; 
20-30 (n = 8) medium length, closely 
spaced spicules. 

Labrum (male) (Fig. 111): 130-153 um 
(n = 7) long, 12-27 pm (n = 11) wide; 
15-23 (n = 7) spicules which are long and 
slender and replace the midapical structures 
of females, short and coarse on ventrolat- 
eral surfaces. 

Hypopharynx (female) (Fig. 121): 161— 
205 um (n = 9) long, 20-29 um (n = 10) 
wide; 13-23 (n — 6) minute to short spic- 
ules on rounded apex and margins. 

Hypopharynx (male) (Fig. 131): 130-148 
um (n = 6) long, 16-20 pm (n = 10) wide: 
[0-16 (n = 10) short, slender or very short 
blunt spicules on rounded apex, minute 
ones on margins. 
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ilpal sensory organ (female) (Fig. 16J): 

? (n = 12) longitudinally widely spaced 

nsilla, 14-18 pm (y = 6) long, heads 
spatulate. 

Palpal sensory organ (male) (Fig. 171): 
3-7 pm (n = 14) longitudinally widely 
spaced sensilla 17-20 um (n = 4) long, 
heads spatulate. 

Palpomyia rufa. Mandibles (female) 
(Figs. 2C, 4E): 137-239 um (n = 34) long, 
32-50 um (n = 34) wide; tooth row 21% 
of total length; 6-9 (n — 41) large coarse 
medial teeth, largest proximal, their camber 
46°, pitch 90°; 0-7 (n = 41) small basal 
teeth; 0—7 (n = 40) minute lateral teeth. 

Mandible (male) (Figs. 7B, 9D): 110- 
162 um (n = 15) long, 16-27 um (n = 15) 
wide; 2—7 (n = 15) large medial teeth, no 
lateral teeth. 

Labrum (female) (Fig. 10J): 210-291 pm 
(n = 12) long, 27-57 um (n = 16) wide; 
12-20 (n — 10) minute, closely spaced 
spicules. 

Labrum (male) (Fig. 11J): 142-180 jum 
(n = 10) long, 20-40 um (n = 10) wide; 
10-18 (1 = 8) spicules, long and slender 
and replace the midapical structures of fe- 
males, short and stout on subapical ventral 
surface, long and slender on ventrolateral 
surfaces. 

Hypopharynx (female) (Fig. 12J): 189— 
310 wm (n = 14) long, 19-51 um (n = 16) 
wide; 9-18 jum (#7 = 6) short spicules on 
rounded apex and margins. 

Hypopharynx (male) (Fig. 13J): 142-192 
pm (n = 8) long, 17—36 jum (n = 9) wide; 
0-18 (a = 8) short spicules, blunt on apex, 
sharp and widely spaced on lateral margins. 

Palpal sensory organ (female) (Fig. 
16K): 1-12 (1 = 18) longitudinally widely 
spaced sensilla, 16-19 pm (n = 6) long, 
heads spatulate. 

Palpal sensory organ (male) (Fig. 17J): 
2-5 (n = 13) longitudinally widely spaced 
sensilla 16-20 jum (n = 5) long, heads spat- 
ulate. 

Palpomyia pseudorufa. Mandible (fe- 
male) (Figs. 2D, 4F): 145—173 wm (n = 28) 
long, 23-33 pm (n = 29) wide; tooth row 


23% of total length; 6-8 (n = 35) large 
coarse medial teeth, largest midlength of 
row, their camber 68°, pitch 72°; 0—4 (n = 
35) small basal teeth; 0—5 (n = 35) minute 
lateral teeth. 

Mandible (male) (Figs. 7C, 9E): 101—130 
pm (n = 22) long, 16-24 pm (n = 16) 
wide; 4-6 jum (n = 22) large short medial 
teeth, no lateral teeth. 

Labrum (female) (Fig. 10K): 170-210 


pm (n = 11) long, 12-31 pm (n = 14) 
wide; 10-24 (n = 9) short closely spaced 
spicules. 


Labrum (male) (Fig. 11K): 113-141 pm 
(n = 8) long, 13-20 pm (7 = 8) wide; 7— 
17 (2 = 9) spicules which are long and 
slender and replace the midapical structures 
of females, short and coarse on ventrolat- 
eral surfaces. 

Hypopharynx (female) (Fig. 12K): 170— 
210 pm (n = 12) long, 15-25 um (n = 9) 
wide; I 1—26 (n = 8) medium, coarse, wide- 
ly spaced spicules on flattened apex and 
margins. 

Hypopharynx (male) (Fig. 13K): 118- 
140 um (n = 11) long, 12-17 wm (n = 9) 
wide; 10-18 pm (n = 11) minute to short 
spicules on apex and margins. 

Palpal sensory organ (female) (Fig. 1 6L): 
3-6 (n — 17) longitudinally widely spaced 
sensilla 20-21 jum (1 = 5) long, heads spat- 
ulate. 

Palpal sensory organ (male) (Fig. 17K): 
1-6 (n = 17) longitudinally spaced sensilla 
17-21 pm (7 = 5) long, heads spatulate. 

Palpomyia basalis. Mandible (female) 
(Figs. 2E, 5A): 146-157 pm (n = 4) long, 
33-37 um (n = 4) wide; tooth row 19% of 
total length; 6—6 (n = 8) medium, coarse, 
widely spaced medial teeth, uniform size, 
their camber 38°, pitch 103°; 0-3 (n = 8) 
small basal teeth; 3—5 (n = 8) minute lateral 
teeth. 

Mandible (male) (Figs. 7D): 102-108 
um Gi = 2) long, 20-20 jum (n = 2) wide; 
no data on teeth. 

Labrum (female) (Fig. 10L): 180—187 
pm (n = 2) long, 16—40 um (n = 2) wide; 
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no data on number of spicules which are 
short to minute. 

Labrum (male) (Fig. 11L): 144 pm (n = 
1) long, 16 wm (7 = 1) wide; 16 (n = 1) 
short, slender spicules on ventrolateral and 
subapical ventral surfaces. 

Hypopharynx (female) (Fig. 12L): 161— 
192 wm (n = 2) long, 13-15 pm (n = 2) 
wide; 6-8 (n = 2) long, slender spicules on 
apex, absent on margins. 

Hypopharynx (male) (Fig. 13L): 141 wm 
(n = 1) long, 31 jum (n = 1) wide; 6-8 (n 
— 2) medium length, filiform spicules on 
pointed apex, absent on margins. 

Palpal sensory organ (female): no speci- 
mens. 

Palpal sensory organ (male): no speci- 
mens. 

Palpomyia flaviceps. Mandible (female) 
(Figs. 2E 5B): 125-172 wm (n. = 22) long, 
27-39 um (n = 24) wide; tooth row 20% 
of total length; 4—9 (n = 33) medium coarse 
medial teeth, largest proximal, their camber 
41°, pitch 78°; 0-3 (n = 33) small basal 
teeth; 0—5 (n = 33) small lateral teeth. 

Mandible (male): no specimens mea- 
sured. 

Labrum (female) (Fig. 10M): 153-186 
pm (7 = 7) long, 24-64 pm (n = 13) wide; 
9-29 (n = 10) short, closely spaced spic- 
ules on ventrolateral surfaces, sparce sub- 
apical ones. 

Labrum (male): no specimens. 

Hypopharynx (female) (Fig. 12M): 145- 
188 wm (n = 12) long, 13-28 pm (n = 11) 
wide; 0—10 (n — 5) long, filiform spicules 
on rounded apex, absent on margins. 

Hypopharynx (male): no specimens. 

Palpal sensory organ (female) (Fig. 
16M): 2-8 (n = 18) longitudinally widely 
spaced sensilla 24—29 jum (# = 5) long, 
heads fusiform. 

Palpal sensory organ (male): no speci- 
mens. 

Palpomyia scalpellifera. Mandible (fe- 
male) (Figs. 2G, 5C): 133-203 um (n = 8) 
long, 28-44 pm (n = 8) wide; tooth row 
15% of total length; 6-7 (n = 8) large 
coarse medial teeth, distal ones largest, di- 
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minishing slightly proximally, their camber 
48°, pitch 90°; 1-3 (un = 8) small basal 
teeth; 3—7 (n = 7) small lateral teeth. 

Mandible (male) (Figs. 7E, 9F): 100-132 
p.m (n = 4) long, 21-24 pm (n = 4) wide; 
3-6 (n = 4) large medial teeth; no (n = 4) 
lateral teeth. 

Labrum (female) (Fig. 10N): 162-217 
um (n = 4) long, 25-32 um (n = 4) wide; 
no data on number of spicules which are 
medium and closely spaced on subventral 
surfaces, sparse subapical ones. 

Labrum (male) (Fig. 11 M): 133 pm (n = 
1) long, 15 wm (n = 1) wide; 11 (un = 1) 
spicules, long and slender on tip, short and 
slender to stout on distal lateral and sub- 
apical ventral surfaces. 

Hypopharynx (female) (Fig. 12N): 165- 
219 pm (n = 3) long, 20-28 um (n = 3) 
wide; 9-11 (n = 2) long, slender spicules 
on rounded apex and distal margins. 

Hypopharynx (male) (Fig. 13M): 132 
pm (n = 1) long, 11-20 um (n = 2) wide; 
4 (n — 1) short to medium length spicules 
on pointed apex and distal margins. 

Palpal sensory organ (female) (Fig. 
16N): 6-14 (n = 5) longitudinally widely 
spaced sensilla 30—32 jum (n = 5) long, 
heads spatulate. 

Palpal sensory organ (male) (Fig. 17L): 
6—10 (n — 2) longitudinally widely spaced 
sensilla 17-19 pm (n = 5) long, heads spat- 
ulate. 

Palpomyia hastata. Mandible (female) 
(Figs. 2H, 5D): 144—150 pm (7 = 2) long, 
32-34 wm (n = 2) wide; tooth row 17% of 
total length; 6—6 (n = 2) large coarse me- 
dial teeth, distal ones uniform size, proxi- 
mal one largest, their camber 46°, pitch 97°; 
1-2 (n = 2) small basal teeth; 0—3 (n = 2) 
small lateral teeth. 

Mandible (male): no specimens. 

Labrum (female) (Fig. 100): no data on 
length, 29 pm (n = 1) wide; 18 (» = 1) 
medium, closely spaced spicules. 

Labrum (male): no specimens. 

Hypopharynx (female) (Fig. 120): no 
data on length; 20 pm (n = 1) wide: 6 (n 
= 1) long slender spicules on rounded apex. 
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popharynx (male): no specimens. 
alpal sensory organ (female) (Fig. 


160) 12 (n = 1) longitudinally widely 
spaced sensilla 18-24 (» = 5) long, heads 
spatulate. 


Palpal sensory organ (malc): no speci- 
mens. 


DISCUSSION 


Mandibles of female Palpomyiini resem- 
ble those of other entomophagous cerato- 
pogonids, e.g. Ceratopogonini (McKeever 
et al. 1991), Heteromyiini and Sphaeromiini 
(personal observations) Stenoxenini (Wirth 
and Ratanaworabhan 1972) of the Cerato- 
pogoninae, and ectoparasitic Atrichopogon 
meloesugans Kieffer and A. lucorum (Mei- 
gen) of the Forcipomyiinae (Glukhova 
1981) in having large, widely-spaced re- 
trorse teeth. Mandibles of the subgenus 7ri- 
thecoides of Culicoides (Culicoidini), as il- 
lustrated by Glukhova for C. humeralis 
(1982), have large retrorse teeth that are 
similar in shape and approach the size of 
those of some Palpomyiini and Ceratopo- 
gonini. 

A second characteristic common to Pal- 
pomyiini and many members of Ceratopo- 
gonini, Heteromyiini and Sphaeromiini is 
the presence of antrorse teeth on the lateral 
edge of their mandibles. Lateral antrorse 
mandibular teeth also occur in Simulium 
venustum Say (Nicholson 1945) and Culi- 
coides (Trithecoides) anophelis Edwards 
(Glukhova 1982) in C. (7.) flavescens Mac- 
fie, and in C. (T.) paraflavescens Wirth and 
Hubert (Wirth and Hubert 1989). Their 
function in all of these groups is unknown, 
but they may assist with enlargement of the 
wound in the exoskeleton of prey. A third 
characteristic common to each of these four 
tribes is their reduced, unarmed laciniae, 
except for members of the anophelis group 
of Trithecoides that feed on mosquitoes and 
phlebotomine sand flies and that have 
strong teeth on the lacinae (Wirth and Hub- 
ert 1989). 

Mandibles of Palpomyiini function in the 
same manner as reported for Ceratopogon- 


ini (McKeever et al. 1991). The initial in- 
cision in the prey’s integument is made by 
antrorse distal mandibular teeth and en- 
larged by sawing action of the antrorse 
teeth. Mandibular action during this process 
is the same as that for Culicoides as de- 
scribed by McKeever et al. (1988) and Sut- 
cliffe and Deepan (1988), and for Simulium 
Latreille as described by Sutcliffe and 
McIver (1984). Other elements of the pro- 
boscis enter the wound made by the man- 
dibles, but presence of antrorse spicules on 
the labrum and hypopharynx and absence 
of armature on the laciniae preclude these 
structures from functioning in producing 
the incision. 

Once the proboscis is inserted, saliva 
containing a strong protease flows through 
the salivary canal of the hypopharynx and 
digests the prey (Downes 1971). The di- 
gested material is drawn from the prey 
through the food canal formed by the la- 
brum dorsally, the mandibles ventrally and 
the laciniae laterally. Thus, the mandibles 
separate the food canal from the salivary 
canal. 

Although all reports indicate that Palpo- 
myiini usually feed on male Chironomidae 
and Ephemeroptera, Downes (1978) report- 
ed that his few records for B. glabra and P. 
lineata indicated that they select moderate 
to large prey species from these groups. 
This is the only specific reference to feed- 
ing by the species that we examined. Dur- 
ing a two-week study at Loch Lomond, 
Scotland in 1960, Downes (1978) found 
that four species of Palpomyia, in the fla- 
vipes group as defined by Grogan and Wirth 
(1979), fed exclusively on mayflies, while 
a species of Bezzia and another species of 
Palpomyia ted only on chironomids. 

Elements of the proboscis are basically 
similar in females of the 16 species exam- 
ined, but species specific variations exist in 
the mandibles, labrum and hypopharynx. 
Grogan and Wirth (1975, 1979) separated 
the Nearctic species of Palpomyia into four 
species groups, viz., tibialis, lineata, dis- 
tincta, and flavipes, on the basis of their 
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male and female genitalia. Mandibular teeth 
of the first three of these groups (Figs. 4A— 
F) are longer and larger than those of either 
the flavipes group, viz. P. basalis, hastata, 
altispina, and flaviceps, (Figs. 5A—D) or of 
species of Bezzia (Figs. 3A—E), with the ex- 
ception of B. glabra which has longer teeth 
than those of P. pseudorufa. Phaenobezzia 
opaca has the longest teeth (X = 6.2 um, n 
— 39) of any species studied except those 
of Palpomyia subaspera (X = 8.0 jum, n = 
2). Basic similarities probably are interre- 
lated with a common method of feeding. 
viz., sucking the saliva-digested contents of 
their prey, and their food specialization, i.e. 
males of their own species and males of 
Chironomidae and Ephemeroptera. Species 
specific differences in the various structures 
probably reflect minor differences in the re- 
stricted range of prey. 

In contrast to minor differences exhibited 
by elements of the proboscis of Palpomyi- 
ini, Glukhova (1981) reported basic simi- 
larity with marked differences in all ele- 
ments of the proboscis of species of Arri- 
chopogon. She attributed the differences to 
the diversity in prey (Coleoptera, Neurop- 
tera, and Lepidoptera) and to their feeding 
on different parts of the body (wing veins, 
thorax, and abdomen) of their prey. 

Male Nematocera belonging to species in 
which the females are entomophagous and 
hematophagous have unarmed mandibles 
that are smaller and less sclerotized than 
those of females and are thought to be nec- 
tar feeders (Downes 1971). In a later paper. 
Downes (1978) described the behavior of 
Bezzia feeding on honeydew and expressed 
the opinion that such feeding would be 
found to be a normal activity of both sexes 
of all predaceous midges. Mandibles of 
male Palpomyiini are fairly typical of en- 
tomophagous Ceratopogoninae. They differ 
from those of some other entomophagous 
groups, e.g. Ceratopogonini (McKeever et 
al. 1991) in having large antrorse, pointed 
teeth on their medial edge. These teeth may 
be as large as the retrorse teeth of females, 
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but their shape precludes their functioning 
as biting structures. 

The poorly sclerotized labrum of female 
Palpomyiini has antrorse spicules of various 
shapes. rather than teeth, and is therefore 
not adapted for active penetration of the 
prey. These spicules are most abundant in 
P. opaca. The labrum functions as the dor- 
sal wall of the food canal and the sensilla 
basiconica on its ventral surface probably 
function as chemoreceptors that monitor in- 
coming food. In Tabanus nigrovitattus 
Macquart, similarly located sensilla have 
four dendrites entering each sensillum and 
were considered to be chemosensory by 
Stoffolano and Yin (1983). The two termi- 
nal peg-like structures in species of Palpo- 
myiini resemble the pair of peg-shaped sen- 
silla immediately proximal to the terminal 
tricuspid teeth of Culicoides (McKeever et 
al. 1988). Sutcliffe (1994) states that a pair 
of “terminal labral pegs” is present in Cu- 
licidae, Simuliidae and Ceratopogonidae 
and that they are equipped with both 
chemosensory and mechanosensory ele- 
ments. The peg-like structures in Palpo- 
myiini probably are homologous to those in 
the foregoing three families and are che- 
moreceptors, mechanorecptors or both. 

The labra of females of other species of 
the family may be highly sclerotized and 
armored; e.g. four species of mammal-feed- 
ing Culicoides (McKeever et al. 1988) that 
have two tricuspid terminal teeth with a pair 
of sensilla at their base. The labra of species 
of Forcipomyia Meigen (Forcipomyiinae) 
are highly variable, with pointed apices 
with short lateral spicules in caterpillar 
feeders, smooth rounded apices in those 
that feed on Odonata, smooth apices rein- 
forced by longitudinal sclerotized thicken- 
ings in those that feed on amphibia, and 
apices with long bristles (spicules) on the 
edges and short spicules on the dorsal sur- 
faces in those that feed on hemolymph from 
wing veins of various insects (Glukhova 
1981). 

The labra of male Palpomyiini are short- 
er, narrower, less sclerotized, and have lon- 
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and fewer spicules than conspecific fe- 

s. The terminal structures present in fe- 

s are smaller and reduced in number or 
absent. A similar relationship has been re- 
ported for Ceratopogonini (McKeever et al. 
1991) and for two species of frog-feeding 
Corethrella Coquillett (McKeever 1986). 
Male P. opaca have a significantly greater 
number of spicules than any other species 
examined. Labra of males are species spe- 
cific, but differences among species are less 
pronounced than in labra of females. 

The hypopharynx of females is unarmed; 
its edges are either smooth or bear antrorse 
spicules as reported for Forcipomyia (Glu- 
khova 1981) and Ceratopogonini (Mc- 
Keever et al 1991). The shape and orien- 
tation of its spicules indicate that it has no 
function in penetrating the prey, but enters 
the incision made by the mandibles and 
conducts saliva into the wound through its 
salivary duct. 

The hypopharynx of females exhibits 
some generic differences in its shape and 
specific differences in distribution of its 
spicules. The hypopharynx of Phaenobez- 
zia opaca (Fig. 12F) differs from those of 
species of Bezzia (Figs. I2A—E) and Pal- 
pomyia (Figs. 12G-O) in being more point- 
ed and from species of Bezzia in lacking 
lateral spicules; males also have a more 
pointed hypopharynx (Figs. 13F) than spe- 
cies of Bezzia (Figs. 13A—E) and Palpo- 
myia (Figs. 13G-M). Females of the flavi- 
pes group of Palpomyia differ from those 
of other species of the genus in lacking lat- 
eral spicules (Figs. 12L—O), but do not dif- 
fer appreciably from each other. Terminal 
spicules are filiform in species lacking lat- 
eral spicules. 

The hypopharynx of males of all species 
has both terminal and lateral antrorse spic- 
ules; in most species they are larger than in 
conspecific females. The function of these 
spicules is unknown for either sex, and they 
are completely absent in some entomopha- 
gous Forcipomyia (Glukhova 1981). 

The weakly sclerotized, unarmored laci- 
niae of Palpomyiini, like those of Cerato- 


pogonini (McKeever et al. 1991), serve 
only as lateral boundaries of the food canal 
of the proboscis. They differ from those of 
some species of entomophagous Forcipo- 
myia which have strongly armored laciniae 
similar in degree of development to those 
of hematophagous Culicoides and are 
thought by Glukhova (1981) to serve in 
piercing the integument of and attachment 
to the flying prey. 

Sensilla in the maxillary palp sensory or- 
gan differ among species with respect to 
their number, points of origin on the palp 
of the individual sensilla, shape of their 
head, and their total length; a combination 
of these characters makes the sensory or- 
gans species specific. Thus, in females of 
all species of Bezzia (Figs. I16A-E) and in 
Phaenobezzia opaca, Palpomyia subaspera 
and P. cressoni (Figs. 16F—H), the sensilla 
originate in close proximity to each other 
and the heads are in approximately the 
same plane with respect to the long axis of 
the palpal segment. In the other seven spe- 
cies of Palpomyia (Figs. 161-O) the points 
of origin of the individual sensilla may ex- 
tend over one-half the length of the palpal 
segment and proximal sensilla may not ex- 
tend to the point of origin of distal ones. 
Sensilla of females vary in mean length 
from 11.2 um (n = 6) in B. glabra to 37.5 
um (n = 3) in B. imbifida. Heads of sensilla 
of male and female B. dorsasetila (Figs. 
17E, 16E) and P. lineata (Figs. 17H, 16D 
are fusiform, heads of sensilla of male P. 
subaspera (Fig. 17G) are approximately the 
same diameter as the stalk and those of fe- 
males and males of all other species are 
spatulate. 

Palpal sensilla are reported to be olfac- 
tory receptors, including carbon dioxide de- 
tectors, in Culicoides (Rowley and Corn- 
ford 1972, Chu-Wang et al. 1975) and are 
thought to function as host detectors. How- 
ever, present evidence indicates that female 
Palpomyiini rely on visual rather than ol- 
factory stimuli when hunting and capturing 
their prey. Bezzia and Palpomyia are able 
to recognize visually distinctive areas that 
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serve as swarm markers for their prey, even 
though no prey is present, and hover there 
for long periods until prey individuals ac- 
cumulate (Downes 1978). This indicates 
that in predaceous Ceratopogonidae the pal- 
pal sensilla serve little or no function in lo- 
cating prey. Therefore, the number of sen- 
silla should be approximately the same in 
both sexes of a given species and this was 
true for all species we examined. In con- 
trast, some species of female Culicoides, 
which locate their hosts by olfactory stim- 
uli, have four-fold increase in sensilla than 
do males of the same species (Rowley and 
Cornford 1972). For example, female C. 
nubeculosus Meigen have 12—17 sensilla 
per organ compared with 3-7 in males 
(Messaddeq et al. 1989). Their function in 
both sexes of Palpomyiini is unknown. 
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